prophylaxis for all, some, o r no mv-infected infants less than one year of age: A deci s ion analysis approach. Can J Infect Dis 1993:4 (6):333-340. Pneumocystis carinii pneumonia (PCP) is associated with significant mortality and morbidity among infants infected with human immunodeficiency virus (HIV). The preferred prophylaxis strategy for such infants is a subject of debate. Medical decision analysis was used to determine the preferred strategy for primary PCP prophylaxis among asymptomatic HIV-infected infants less than one year of age, and to determine the thresholds at which different variables influence decision making. Utility measures (health state preference values) were used to determine whether prophylaxis should be given to all, some or no infants. In this regard, some infants would receive prophylaxis if baseline CD4 counts are fewer than 1500 cells/mm 3 . The results suggest that the preferred option is to give prophylaxis to all asymptomatic HIV-infected infants despite CD4 counts. if the risk of PCP is equal to or greater than 25%. However, if the risk of PCP is less than 25%, prophylaxis is recommended for those infants with CD4 counts of fewer than 1500 cells/mm 3 . The results complement current guidelines regarding PCP prophylaxis for HIV-infected infants. 
P INEUMOCYSTIS CARINII PNEUMONIA (PCP) REPRESENTS A major burden of illness for adults and children infected with the human immunodeficiency virus (HIV).
Sixty to eighty per cent of adult patients ultimately develop PCP if they do not receive PCP prophylaxis at the appropriate time (1-2). While the precise disease burden is not as well defined in the pediatric population as it is in the adult population, it has been established that PCP occurs in up to 53% of children with HIV infection (2), and is a major cause of mortality and morbidity (3) (4) (5) . Among HIV-infected infants, those presenting with PCP during the first year of life have the worst prognosis (3) (4) .
Adult patients who are HIV-infected are considered to be at high risk of developing PCP if their CD4 counts are less than 200 cells/mm 3 or if acquired immunodeficiency syndrome (AIDS)-defming syndromes are present (6) . However, it has been established that among HIV-infected children under one year of age, the CD4 count based on the criterion used in adults is not a reliable indicator of the risk of developing PCP (7 -1 0). Therefore, besides giving prophylaxis to all HIV-infected children who have had a prior episode of PCP, as well as those with AIDS-defming conditions (other than lymphoid interstitial pneumonitis), it has been suggested that all HIV-infected children under one year of age should receive PCP prophylaxis regardless of CD4 counts (7) (8) 11) . With respect to the role of a specific cut-off level for CD4 counts as a guide for prophylaxis, recent Centers for Disease Control and Prevention (CDC) guidelines recommend prophylaxis for those infants with fewer than 1500 CD4 cells/mm 3 as well as those with a CD4 cell count of less than 20% (12) . Prophylaxis strategies were examined using medical decision analysis. This technique provides a quantitative approach to the comparison of different treatment options. The objectives are: first, to analyze the different strategies for prophylaxis and determine the preferred strategy; and second, to determine to what extent the results obtained are sensitive to the uncertainties of our current knowledge, and to identi.fY areas for further research.
METHODS

Eligibility for prophylaxis:
Infants less than one year of age, who are proven to have perinatally-acquired HIV infection, are eligible for prophylaxis and face one of the three management options described below. Alternative strategies for prophylaxis: In the first altemative (treat all), all asymptomatic HIV-infected infants less than one year of age receive primary PCP prophylaxis using trimethoprim-sulfamethoxazole (TMP-SMX) according to conventional dosing regimens. In the second altemative (treat none), no infant is started on primary prophylaxis. In the third altemative (treat some), infants are stratified to receive primary prophylaxis if they are presumed to be at 'high risk.' Prophylaxis is not given to infants presumed to be at 'low risk'. (Table 3) their respective probabilities.
In the 'treat all' option ( Figure 1 ) HIV-infected infants are divided into those who are 'true high risk' and those who are 'true low risk'. The assumption is that infants who are truly at low risk of developing PCP would not do so during the first year of life. While on TMP-SMX, infants in the 'treat all' option may develop adverse side effects. Each infant who develops PCP had one of two short term outcomes: death or survival in year 1. The highest number of complications related to drug toxicity and the lowest number of cases of PCP are both expected in the 'treat all' option.
In the 'treat none· option ( Figure 2 ). HIV-infected infants fall into the 'true high risk' or 'true low risk' categories. Infants in the true high risk category may develop PCP as a result of chance. If they acquire PCP, the short term outcome is PCP-related death in year 1 or survival beyond year 1.
The structure of the 'treat some' component is a combination of the other two alternatives ( Figure 3 ) . Thus, if the infant is 'presu med low risk' as a result of CD4 testing, no prophylaxis is given and, hence, the sequence of events is like the 'treat none' option. If the infant is 'presumed high risk'. prophylaxis is given and the sequence of events is like the 'treat all' option. Baseline probabilities (Table 1) : The probability of each event occurring in the decision tree was obtained from the literature. If specific data were not available in the published articles, the particular authors were contacted in writing.
There is difficulty in defming the denominator of previously asymptomatic HIV-infected infants. Estimates of the incidence of PCP in the first year of life vary from 7.7 to 14% (3, (13) (14) . However, CDC surveillance data indicate that for children diagnosed with AJDS in the first 12 months of life, 53% had PCP (15) . Therefore. it is expected that the incidence of PCP among previously asymptomatic infants would be less than 53%; however, the maximum incidence is not established.
This study used a baseline assumption that without prophylaxis, a mm1mum of 10% and a maximum of 50% of HIV-infected infants diagnosed in the first year of life develop PCP during the first year of life. The maximum estimate (50%) was used as the baseline estimate. However, because of the uncertainty associated with this estimate, the analyses were repeated using values ranging from 10 to 50% in order to test the effect on the conclusions. The effectiveness of TMP-SMX in preventing PCP is well documented (16) (17) (18) . A baseline estimate of 95% effectiveness was used in this study.
Adverse reaction rates among HIV-infected children to TMP-SMX range from 14.7% (19) to 34% (9) . The analyses were based on the fact that the majority of adverse effects are cutaneous (maculopapular or urticarial rashes). A baseline estimate of 25% was used, with alternative estimates ranging from 0 to 50%.
Test' refers to a CD4 count of fewer than 1500 cells/mm 3 as a predictor of the risk of acquiring PCP.
The magnitude of the presumed risk of acquiring PCP is dependent on the sensitivity and specificity of a CD4 count of fewer than 1500 cells/mm 3 as a predictive test of the probability of an HIV-infected infant developing PCP. Published data are limited regarding the sensitivity and specificity of baseline CD4 counts as indicators of the subsequent risk of development of PCP in children. The sensitivity of a CD4 count fewer than 1500 cells/mm 3 as an indicator of risk of PCP was estimated to be 89.4%, with a range of 70 to 90% (3,5.8-9,14,20-23) . The baseline estimate used in the decision analysis was 90%. In order to estimate specificity, it was necessary to obtain data not available in the primary studies above. Thus, additional data were supplied by personal communication with two of three authors from whom data were requested. Data obtained from these two studies (21 ,22) resulted in specificity estimates of 43 and 47%, respectively. Given that a high specificity value would not be expected for a CD4 count of fewer than 1500 cells/ mm 3 as an indicator of subsequent development of PCP in an HIV-infected infant less than one year of age. the baseline analysis was based on the assumption that specificity would not be expected to be greater than 50%. A baseline CD4 count of less than 1500 cells/mm 3 was used as a surrogate marker of the probability of an infant less than one year old developing PCP. Data from two cohorts (21, 22) enabled us to base the primary analysis on the assumption that a minimum of 50% of asymptomatic HIV-infected infants have CD4 counts fewer than 1500 cells/mm 3 . The analyses considered the probability of an infant who had an episode of PCP dying during the first year of life. The prognosis following an episode of PCP in infancy is poor (3, 5, 15, 23) . Overall. surveillance data indicate that one-year mortality rate is 70% for children under 12 months of age with PCP (15).
Measurement of outcome:
The terminal nodes (blackened squares) at the end of each branch of the decision tree represent the various short term health states that may result by choosing a given option. For example, the uppermost terminal node in Figure 1 represents the outcome state of a child who was started on PCP prophylaxis, developed drug toxicity and died within one year of acquiring PCP. The second uppermost terminal node in Figure 1 represents the health state of a child who was started on prophylaxis, developed drug toxicity, but s urvived an episode of PCP.
The outcomes (health state preference values) for the various health states are referred to as utilities. This is a well established measure of quantifying the values that individuals place on different h ealth states, based on utility theory (24) . The latter describes how individuals are expected to behave when faced with decision making under uncertainty (25) . Each health state was assigned a utility value that quantified preferences for the respective health states. This measure of the preference for individual health states resulting from a particular (prophylaxis) strategy can be used to assist the decision maker in determining overall preference for a given strategy.
Death was assigned a utility value of 0 and perfect health a value of 1. These are the ends of the utility scale, respectively. The remaining utilities were derived by studying 12 medical and nonmedical personnel, using the standard gamble technique for determining utilities (26) . The standard gamble technique requires that subjects assign probabilities to a hypothetical gamble between the best and the worst health states, such that the health state being measured is not less preferred or more preferred than a gamble offered (27) . The use of medical and nonmedical personnel facilitates the quantitation of the values of different health states from a societal perspective.
The preference that one wishes to measure is that of the patient. Given that infants cannot assist in the determination of their own preferences, it is common practice to ask adults to determine such preferences by presenting them with health state scenarios and asking them to put themselves in the place of the child. Sensitivity analyses are then used to examine the effect of any assumptions made regarding estimates of utilities. This strategy was used in the present study.
An additive utility function was assumed (28). For example, for an infant who dies following PCP, utility is 1 minus the disutility associated with death. The disutilities are summarized in Table 2 and reflect the extent to which each health state preference is less than 1. Health states that are more desirable have smaller disutility values and greater utility values; thus perfect health has a disutility value of 0 and a utility value of 1 (1 minus 0). Analytical strategy: The analyses were conducted using the decision analysis software, SMLTREE (J HollenbergMD, New York) . The preferred option is the one with
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Pneumocystis prophylaxis for HIV-infected infants Treat none the highest expected utility value. The expected utility for each altemative is derived by multiplying the probability of each health state outcome by its utility value and summing the results. Expected utility values are often very close numerically, but the margin of differences will change with changes in baseline probabilities.
In recognition of the fact that some variables are associated with varying degrees of uncertainty, the effect of varying baseline variables was studied by conducting one-way as well as threshold sensitivity analyses. In the former, one variable is varied, while in the latter more than one of the more important variables are varied simultaneously.
RESULTS
Baseline analysis and the effect of PCP incidence:
The expected utilities of the three options are shown in Table 3 . The baseline results indicate that the 'treat all' option has the highest expected utility and is the preferred strategy overall if the maximum estimate of the incidence of PCP is equal to or greater than 25%; however, Table 3 shows that the 'treat some' option is preferred if the incidence of PCP is less than 25%, but 
One -way sen s itivity analyses:
If the proportion of infants with baseline CD4 counts fewer than 1500 cells/mrn 3 exceeds 30%, the 'treat all' option is preferred. In the analyses, this percentage corresponds to the proportion of infants presumed to be at high risk of acquiring PCP. The 'treat some' option is the preferred option if the sensitivity of a CD4 count of fewer than 1500 cells/mrn 3 as a test indicating risk of PCP is equal to or greater than 98%; otherwise the 'treat all' option remains the preferred alternative. Changes in specificity did not change the preferred option. The threshold level of effectiveness ofTMP-SMX that favoured a decision to treat all infants is 45%. If the drug is less than 45% effective in preventing PCP, the 'treat some' strategy is preferred.
The results suggest that if the proportion of infants experiencing significant drug-related toxicity is equal to or greater than 60%, the 'treat some' option becomes preferred; below 60% the 'treat all' option is preferred.
The analyses suggest that the 'treat all' option is preferred regardless of PCP-related mortality. indicating that concerns regarding morbidity also influence decision making.
The results of sensitivity analyses conducted on the utility values indicate the following: first. that the 'treat some' option is preferred if the dis utility associated with HIV seropositivity is greater than 0.90; thus, 'treat some' only becomes the strategy of choice when the dis utility exceeds the upper limit of the 95% confidence interval (CI) of the estimate used in the analysis (at a 95% CI, disutility ranges from 0.30 to 0.70). Second, that the expected utility values of all three options fall as the risk of PCP increases; however, the preferred option remains the 'treat all' option throughout the 95% CI range of values. Finally. as Table 2 shows. the disutility attributed to the combination of HIV seropositivity and adverse drug reaction is 0.56. The analyses indicated that if the disutility attributable to HIV seropositivity and adverse drug reaction exceeds 0.65, the 'treat some' option becomes the preferred option. This estimate falls within the 95% CI of the estimate used in the baseline analysis. Figure 4 shows an example of the threshold analyses conducted, in this case the effect of varying test sensitivity and the incidence of PCP simultaneously. Combination of values along the curve would result in an indifference to either of the 'treat all' and the 'treat some' options. Table 4 shows the result of a three-way analysis where the threshold values of the proportion of PCP are determined for different values of sensitivity and probability of PCP related death for the 'treat all' versus the 'treat some' option. For example, if the risk of PCP related death is 50% and 'test' sensitivity is 80%, one would be indifferent to the 'treat all' versus 'treat some' options, if the risk of PCP is 14%.
DISCUSSION
The results indicate that if the incidence of PCP is equal to or greater than 25%, the preferred PCP prophylaxis strategy involves administration of prophylaxis to all HIV-infected infants regardless of CD4 counts. However. if the risk of PCP among HIV-infected infants is less than 25%, it is justifiable to give prophylaxis to those infants with CD4 counts of fewer than 1500 cells/ mm This concurs with the finding that the 'treat some strategy is preferred if the proportion of infants with CD4 counts of fewer than 1500 cells/mm 3 is less than 30%.
If the risk of PCP is 50%, a test used to identifY HIV-infected infants at risk of PCP s h ould have a sensitivity of greater than 98%. It is unlikely that a CD4 count of fewer than 1500 cells/mm 3 would consistently achieve this desired level of sensitivity. However, if the prevalence of PCP is less than 25%, the level of sensitivity needed would be lower and could be achieved.
The fact that the 'treat all' option is preferred, regardless of PCP-related mortality, underscores the importance of morbidity concems regarding PCP. In this regard, one of the psychosocial benefits in preventing PCP is the reduction of the chance of disclosure of HIV infection.
In this study, the percentage of CD4 cells was not considered in order to simplifY the analyses. However, clinicians may choose to examine whether the combination of a cut-off of 20% CD4 counts and a cut-off of 1500 cells/mm 3 would result in a sensitivity level of greater than 98%. Even if such a level is not achieved, the threshold analyses facilitate decision making. For example, as the sensitivity falls the probability of acquiring PCP must be lower for one to become indifferent between the 'treat some' option and the 'treat all' option ( Figure 4) . This study did not analyze prophylaxis options for infants with indeterminate status, rather it addressed prophylaxis options for infants who are regarded by their clinicians as b eing HIV-infected. The proportion of HIV-infected infants in the former group will become smaller as a dvanced polymerase ch ain reaction technology becomes more available to most Canadian centres fo llowing HIV-infected children. To imple m ent the findings of our study, a d iagnosis of HIV infection has to be made. Continu ed improvement in the diagnosis of perinatally-acquired HIV infection will enable the early introd uction of preven tive measu res such as PCP prophylaxis.
Since individual preferences vary in practice, it is important to explore the effects that changes in the utility estimates have on the results. In addition, even though decision analysts may regard numerically close expected utilities as significant, thorough sensitivity analyses are performed to examine the impact of changes in probabilities on such numerically close expected utilities.
In this context, the results were not significantly affected by changes in the utility estimates, with one exception: that attributable to adverse drug reaction. The 'treat some' option is preferred if the disutility (l m inus utility) value for the combination of HIV-seropositivity and adver se drug reaction exceeds 0.65. However, in practice it is unlikely that the disutility associated with the combination of seropositivity and side-effects would exceed 0.65 and, hence , approach that of a less preferred option such as PCP (disutility = 0. 78), or even a major but less severe disease than PCP.
In summary, we have presented an approach to arriving at a decision on PCP prophylaxis in infants less than one year of age, using the data that clinicians would use in practice. The results highlight the areas in need of further research in order to improve the degree of certainty associated with certain variables.
